We report on the size dependence of the surface tension of a free surface of an isotropic fluid. 
Introduction
The size-dependence phenomena play a predominant role for systems with an important surface-tovolume fraction. Therefore, the prediction and tuning of the behavior of interfaces between different phases are a big challenge for various applications such as catalysis in chemistry, biomedical applications, nanostructure formation, etc. [1, 2] . Several applications require an in-depth elucidation of the nucleation and the evolution of droplets and bubbles at the nanometer scale [3, 4] . For the correct description one needs to know the surface tension and its size and temperature dependence. 
Cite as: arXiv:1701.02497 DOI: 10.1103/PhysRevE.95.062801 2 where   is the surface tension of a flat surface, n is a parameter equal to 3 and 2 for spherical and cylindrical surfaces respectively, R is the radius of the principal curvature of surface of tension, end  is the Tolman length's characteristic [5] . The  is the difference between the surface of tension and the equimolar surface and as it can be seen in Eq. (1) it defines the change rate of the surface tension with the size. It is clear that the Tolman length is an important parameter for the prediction of nanoscale objects' behavior, especially for processes of nucleation [6] [7] [8] and the droplet formation [1, [9] [10] [11] [12] .
There are several approaches to evaluate the Tolman length; among them one can note thermodynamical [13] , statistical [14] , density functional methods [15] [16] [17] , and molecular dynamics [18] [19] [20] , etc. However, with these techniques the Tolman length can be extracted only from the geometry of the interfacial region. For the simplest case of a free isotropic fluid there are only two possibilities of equilibrium shapes, namely, the spherical and cylindrical interfaces [21, 22] .
For the macroscopic description, the finite interface region can be regarded as a surface -a surface of discontinuity. The physical quantities crossing this surface of discontinuity can be expected as fast-changing things. Nevertheless, for the nanoscopic description the consideration of the finite thickness (surface of discontinuity) of the liquid-vapor interface is crucial. Respectively, the physical quantities in this region change continuously from the bulk value of the first half-space to another [23] [24] [25] . For example, in the case of the liquid-vapor dividing surfaces the density changes from the liquid bulk density (  ) to the concentration of the saturated vapor (   ). Under the term "saturated vapor", we consider the equilibrium state of liquid and vapor phases. For the case of a curved surface in the literature "the saturation vapor pressure over a curved surface" [26, 27] is also often used. The sketch view of the real system is presented in Fig. 1 . In the upper-left and lower-left parts of Fig. 1 , the schematic distribution of particles in the system and the density distribution in the Helmholtz representation are shown. The red and the blue lines separate liquid and vapor phases respectively. The surface of discontinuity is the space between these lines.
The Gibbs approach is based on the introduction of a reference system with the arbitrary chosen sharp interface, the so-called dividing surface even for nanoscopic objects. [4] The image on the right side of Fig. 1 illustrates the two cases of the dividing surface setting, when a dividing surface serves as an equimolar surface (upper side) and a surface of tension (lower side). The insets show the schematic diagram of the density's spatial distribution for the considered systems. The physical quantities in the subsystems divided by this interface are set the same as the corresponding bulk values in the real system. The introduction of the reference system allows one to avoid issues related with the spatial distribution of the physical quantities inside the interface region. However, the number of particles is the same for both real and reference systems only in the case when the dividing surface between two phases is the equimolar surface (see Fig. 1 ). In such consideration, the Tolman length is a distance from the equimolar surface to the surface of tension [5] . 
Methodology
With the use of Gibbs adsorption and Gibbs fundamental equations [4, 23, 24, 36] , one can obtain a joint integral equation [37] defining the size dependence of the surface tension
where
is the surface tension of a flat surface, 3 n  for spherical (s) and 2 n  for cylindrical (c) surfaces. In the particular case 3 n  , Eq. (2) The solution for the spherical droplet was presented earlier in [9] . However, Eq. (3) has a more compact form.
The dependence of the surface tension as a function of R  for spherical geometry evaluated with Eq. (3) is presented in Fig. 2(a) . As one can see in the figure, the dependence is a continuous real function. As it was mentioned previously the solution presented in Refs. [28] [29] [30] has a discontinuity in the point 0 R   (see dashed and dash-dotted lines in Fig. 2(a) ). Thus, their solution can be applied only when 0 R   [28, 29] 
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The presented above equation is original, and it is applicable for all combinations of signs of the curvature and Tolman length. The dependence of the surface tension on 2 n  for the cylindrical geometry evaluated with Eq. (4) is presented in Fig. 2(b) . In this case the function is also continuous, and the dependence can be applied for the description of both cases, 0 R   and 0 R   . For the correlation, the dependence obtained earlier for the case of a cylindrical droplet [29] is also presented in Fig. 2(b) by the dashed line. should find a way which does not require a direct measurement of this quantity for the evaluation of the size dependence of the surface tension.
We use a similar approach based on the thought experiment as proposed earlier in [42, 43] for the Tolman length evaluation. We consider an infinitely system, which is equilibrated under temperature T and pressure 0 P . The pressure was chosen to satisfy a condition of coexistence of the vapor and the liquid phases, and its value was taken from the coexistence curve for a flat surface
We cut out the spherical and cylindrical volume with the radius 0 R from the system and placed it in a medium with saturated vapor with the same temperature. The radius of the volume will be changed to some value R because of a surface tension action. This will lead to the change of the pressure to value P , which can be evaluated through the thermal equation of the state (
In the frame of thermodynamic approximations, the thermal equation is a first (zero) degree homogeneous function of the extensive (intensive) parameters. Therefore, one can write the following equation: 
The first term in the following equation is equal to zero. On the other hand, one can approximately evaluate surface tension based on the Laplace equation:
In the case when the pressure of the saturation vapor is negligible, one can equate the left-hand sides of Eqs. (8) and (9) . With the use of the expressions for the surface tension (5) and for the curvature we obtain the following power series:
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The matching of the multipliers of the terms with 1 R and 
The obtained equation can also be written in terms of isothermal compressibility
The isothermal compressibility can be represented through the first and second derivatives of the chemical potential
 
, TP  as a function of pressure:
,, ,
Consequently, the united equation of the Tolman length  for the cylindrical and spherical surfaces of tension can be evaluated as follows:
, ,
Thus, our proposed generalized equation of the Tolman length 
